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INTRODUCTION 

PURPOSE 


This specification defines the functional requirements’ of 
two M=-Memory Processors intended for general purpose data 
processing. Environmental conditions» safety conditions», 
reliability parameters» power requirements» etcer, are 
specified in P«Ss» #1913 1739» B1700 CENTRAL SYSTEMS. 


Both processors have 1/0 bus interfaces for communication 
with the I[/0 subsystem and controt panel interfaces for 
communication with the controt panel. 


M-Processor~-1 has a Port Adapter-Port Device Interface and 
requires the use of Port Adapter-1 in Port Interchange-1. 
Port Interchange~1 provides the communication paths to the 
System's main memory and to other port devices such as the 
B1700 Multiline Control. 


M-Processor-2 has a Processor Adapter Interface that 
provides for acceptance of either Processor Adapter-1 or 
~2. Processor Adapter~1 provides a direct interface to 
main memory. No port interchange is used. Processor 
Adapter-2 provides a direct interface to Port 
Interchange-2 {no port adapter is used) whichs in turns 
provides the communication paths to main memory and to 
other port devices such as the Multiline Control. 
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PRODUCT IDENTIFICATION 


2204 8839 M=MEMORY PROCESSOR-1 

2212 8318 M-MEMORY PROCESSOR=2 

2212 8326 M“PROCESSOR ADAPTER“1 (Direct Connect) *« 
2212 8334 M“PROCESSOR ADAPTER@2 (Port Connect) * 
2204 8847 M-MEMORY ADAPTER-1 2KB «® 

2212 1982 M=MEMORY ADAPTER<2 8KB «« 

2212 1990 M-MEMORY ADAPTER=2 6KB «#« 

2212 2006 M“MEMORY ADAPTER-2 4KB wee 

2212 2014 M“MEMORY ADAPTER“2 2KB ae 

2212 2022 M=MEMORY EXP KIT<“2 2B «ee 

& Used with M-Processor=2 


w & Used with M=Processor-t 
«xe Used with M-Processor-1 or “2 


RELATED SPECIFICATIONS 


P25 4 


1904 5681 
1913 1739 
2204 8623 


2200 2083 
2210 0143 


NAME 


B1700 
B1700 


B1700 


B1700 
B1700 
B1700 


NAME 
B1700 
B1700 


SYSTEM INDEX 
CENTRAL SYSTEM 
1/0 BUS SUBSYSTEM 
MEMORY SUBSYSTEM 
PORT INTERCHANGE 
CONTROL PANEL 


PORT ADAPTER = PORT DEVICE INTERFACE 
CONTROL PANEL INTERFACE 
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GENERAL DESCRIPTION 


The M<-Memory Processor Cor M-Processor) provides the 
combinatorial and arithmetic portion of the system atong 
with other registers and hard storage that are appropriate 
for efficient operation. 


The M-Processor provides hardware sensitivity to a set of 
Low-level micro~functions which are used in a proqram 
string to fetch and execute instructions. This 
micro~program is contained in either a locat high=speed 
Read-Write M-Memory or in the somewhat slower but targer 
main memory (81700 S-Memory) or in both. M-"Memory i5 
modular in increments of 2 bytes up to a maximum of = 3X 
bytes. 


Included in the “Processor are registers and oSseudo 
registers which are addressable by the individual 
micro~operators. 


The registers are normaily addressed by a 4-bit group (Crow) 
number and a 2@~“bit select Ccolumn) numoer as shown in 
Table i. 


Some of the registers tisted» such as the Pseudo Sum 
Register» can serve onty as source registers while others 
are capable of serving both as source and destination 
registers. AlSo»e some of the registers tisted are actuatly 
subregisters whiche although parts of targer registers, 
can be individually addressed and maniputated. 


Table 2 summarizes the various conditions available by 
addressing oarticutlar pseudo source registers and actuat 
registers; Figure t lists the microv-instructions and their 
variants; and Figure 2 is a diagram of the major 
registers. 
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TABLE 13 M=PROCESSOR REGISTER SELECTION 


SELECT NUMBER 


0 1 | 2 3 
o 4 TA FU X SUM 
1 TR OFT * Y CMP X 
2 4 TC FLC T CMPY 
3 TO FLD L XANY 
i 
4 4 TE FLE A XE OY 
5 4 TF FLF M MSKX 
6 | CA BICN BR MSKY 
7 1 C8 FLON LR XORY 
i 
GROUP a LA TOPM FA DIFF 
NUMBER 9 1 LB UNASSIGNED FB © MAXS 
10 Le UNASSIGNED = FL MAXM 
11 LD PERR TAS u 
j : 
12 4 LE XYCN cP MBR 
131 LF XYST MSM DATA 
14 cc INCN READ CMND 
15 | CO CPU WRIT NULL 
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TABLE 22 SUMMARY OF REGISTER SNL 


BICN: 1 LSUY $ CYF 1 CYD t CYL 1 


XYCN: § MSBX § X=¥ § X<¥ § KV 1 


eR a Ea ee Ee ee ee ee 


XYST: 1 LSUX F INT § Y neq Of X neq 0 3 


FLCN: { FL=SFC § FLO>SFL ¢ FL<SFL ff FL neg 9 1 


INCNS 1 PORT { PORT ! PORT { PORT 4 
1 DEVICE MISSING |! HI PRIORITY 1 aR Teese | een uy 1 


| CONTROL PANEL 1 TIMER t i170 BUS t CONTROL PNL 1 
Cc: t STATE LAMP 1 INTERRUPT t INTERRUPT 1 INTERRUPT J 


1 PELE TREGE 4 { { 1 

4 MEMORY «* § MEMORY i MEMORY 1 MEMORY | 
CO: § READ DATA 1 WRI/SSWAP ADOR § READ ADDR | WRTI/SWAP ADDR ! 

1 PAR. ERR. 1 OUT OF BOUNDS ¢{ GUT OF BNDS ¢ OUT OF BOUNDS 3 

( INTERRUPT 4 OVERRIDE { oa 1 INTERRUPT ( 
* Both. S“Memory and M=Memory (See Section 3.3.16 for 


detaiis) 


4c 
Sc 


6c 
7c 
ec 
9c 
19 
ne | 
123 
145C 
20 
3D 
‘4D 
5D 
6D 
7D 
6D 
20 


1é 
2€ 
SE 
46 
SE 
o£ 
TE 

1F 
2F 


3Ff 
4aF 


ZERO 


MC MO ME. ‘MF ‘ 


; a | 
ICRO NAME iS «4 is 12 10 9° 8 ? 6. 8 4 3 2 t ) 00 01 10 ul 
M | | | : ; | i : ! : ' 1 VARIANTS 900 001 016 ot too tor He Wi 
ry 0 {3} I REG 1 GROUP i REG 1 +: REG2 | REG 2 GROUP | 
| SOURCE REGISTER | SELECT | oT | SELECT | SINK REGISTER. ! 
~~; 0 1 0 | REGISTER GROUP  , REG [MOV OPW DOUBLE PAD worD {{ MOVDIR: Pe-R IR<P. : 
SOURCE OR SINK : SELECT |OIR'! ve ADDRESS v2 DPW : LEFT | RIGHT: : 
2OURCE 220g SE Ee 
r 6 : { |REGISTER GROUP, ‘iREG MANIPULATE | 4 BIT MANIP. MANIP. SET | AND] OR | EOR | INC | WING DEC : DEC 
MANIPULATE ‘4 BIT SOR& SNK  |SEL VARIANTS — LITERAL $2) VARIANTS: TEST ‘TEST 
BIT TEST REL REGISTER GROUP, |REG TESTBIT105P! RELATIVE BRANCH] DSP SIGN: [+ - 
[BRANCH FALSE} 4 See SEL NUMBER | SGN :DISPLACEMENT MAG.! 
BIT TEST REL REGISTER GROU REG TESTBIT OSP!RELATIVE BRANCHI{ DSP SIGN: 1+ - f 
BRANCH TRUE [4 | RT BIT SOURCE. 1 SEL NUMBER | SGN DISPLACE WENT MAG) ‘ | a 
SKIP WHEN 0 \ 1 0 | REGISTER GROUP [REG SKIP TEST 481T TEST MASK SKIP TEST | ANY ! ALL ' EQUL | ALL | ANY/' ALL / EQtL/ ALL / 
peutic dias 4 BIT SOR & SNK iSEL VARIANTS _VARIANTS: | CLR/. CLR/ CLR/| CLR | CLR/.CLR/ CLR / CLR 
READ /WRITE () ' t 1 |R/WICOUNT FA/FL ! DATAREG: TW: DATA TRANSFER _ ] R/w VAR: READ | WRT j ¥ : 
MEMORY | VAR] VARIANTS | CODE : SGN: WIDTH MAGNITUDE  }4 CNT VAR: NOP FA¢ | FAt | FA@ | / Fae 
MOVE 8 BIT 10 0 0 | REGISTER GROUP; | ENTIRE 8 BITS OF 8 BIT LITERAL REG SEL: Sale ella et 
LITERAL REG SEL IS 2) : TW SIGN: 
an ce re Wats aes 8 ae ees at hee te ae ail SEAN SIGN: -— 
“MOVE 24 BIT. { 0 0 I REGISTER GROUP , | 6 MOST SIGNFICANT BITS OF 
LITERAL fq _ REL SEL1S 2, | FULL 24 BIT LITERAL __ 
“SHIFT/ ROTATE 1 ts) ‘ 0 SINK REGISTER ' SNK REG S/R’ LEFT SHIFT/ROTATE |45/R VAR: 
T REG | GROUP SELECT VAR: « COUNT , 
“extract From 17a 0 t \ RIGHT BIT POINTER SNK REG. EXTRACTION FIELD 
T REG ' FOR EXTRACTION FLO CODE : WIDTH 
BRANCH 1 1 0 | O5P; F 
RELATIVE SGN, RELATIVE DISPLACEMENT MAGNITUDE 
ee RENEE, ED Ge fpsP.” 5 ss e 
RELATIVE ' ' 1 Ice RELATIVE CALLED ADDRESS MAGNITUDE 


DATAREG © TW: DATA TRANSFER WIDTH} 
CODE SGN" MAGNITUDE 


TW SIGN ; 


SWAP MEMORY } REG CODE: 


Lo Fy OR DPA FE PG ce. 


oes } 
CLEAR { 
REGISTERS | REG PE3 REG REG REG REG REG REG! 
“SHIF T/ ROTATE S7R DIR X/Y LEFT ORRIGHT. XORY [{X/¥Y VAR: 
“YOR YX VARIANT | VAR!SHIFT/ROTATE COUNT 17 5/R,DIR: 
SHIF T/ ROTATE s/R.oiR | -LEFT:OR RIGHT X ANDY 5/R, DIR 
x AND ¥ VARIANT | SHIFT /ROTATE COUNT __VARIANTS: 
De es fee COUNT FA/FL | COUNT SCALAR COUNT FA/ | NOP | FAt 
COUNT FA/FL VARIANTS | MAGNITUDE FL VAR: 
Eu CUkURE. RDU SINK DPW SOURCE DPW 


EXCHANGE DPW 


ADDRESS ADDRESS 
SCRATCHPAD . DSP) LERT MALE PAD fh Ogp SIGN: 
cE RATE EA, cg te SON] WORD ADDRESS ; 2 
MONITOR ; LITERAL OCCURRENCE IDENTIFIER 
SPATCH DISPATCH  SKP11SKP FLAG; | FAIL . SUCC 
o VARIANTS FLG!4 DISP VAR : | LOCK WRTLO READ [R&C WRTHI! 'ABsMr UN DEF UNDEF 
CASSETTE CASSETTE. 14 CASSETTE [START STOP @5TOP ON UNDEF UNDEF | (UNDEF STOP ON UNC UNDEF] 
CONTROL MANIP VARIANTS“ ‘MANIP: | TAPE! GAP X#¥ 
rice 3 BIAS TST{TTEST FLG: [TST/ 7 ,TEST | 
BibS VARIANTS : FLG}G BIAS VAR: UNIT | F s FS (N@P| FCP INeP 
STORE F INTO { SINK DPW 
DPW Hy _ADDRESS 
LOAD F FROM SOURCE DPW 
DPW ADDRESS 4 
CARRY FF CYF! PCY cE | CXE 
MANIPULATE cv 'C¥L | “o | 
EXERCISE 
MSM (L) | 
HALT 
OVERLAY 
MISTRING 
NORMALIZE X : 
BIND o: 0 0 
A, TOPM, MBR_ \ ‘3 
NO OPERATION 0 0 Q 0 ° 8 0 Q 0 ° ® e | ® 6 6 0 ri 


FIGURE 1 M-PROCESSOR MICRO-INSTRUCTIONS AND VARIANTS 


REGISTER SELECT 


REGISTER O ( 2 3 

GRouP 
0; TA FU x sum . 
i | TS FT v cCmexK 
z|T¢ Fre T cMPpY 
$179 FLUO LL XANY 
4°: TE FLE A XEOY 
Si TF FLE OM MS5KXK 
6é| CA BICNBR MSKY 
ry | CB FLON LR xORY 
8! ta TOPM FA ore 
> | 1,6 eoece FR MAXS 
fe} CC eose FL MAXM 
“i LD sees TAS U 
wz!ce xven cep MBR 
s!ooFf XYST MSMA DATA 
141 Ce INCN READ CMND 
18}; CO CPU WRIT NULL 


INDIVIDUAL BITS OF SOME 4-BIT 
REGISTERS HAVE SPECIAL 
MEANINGS AS NOTED BELOW: 
NOTE: 

BITS ARE NUMBERED HERE 


ACCORDING TO THE HARDWARE 
CONVENTION : 


3 
BA 


LA, LB 


23 


LC LO;LE Yur 
O38 : f 
SB 


Bit # BICN XYCN XYST FLCN 


cvL x>w XO FLO 

Cryo x<r ¥ +0 FL<SFi. 
CVF xev INT OR FL>SFL 
Lsuv MSBX LSUX Furste 


INT OR =ANY 1 OR MORE OF: 


cc 


oO CC! CC2 CLO CUS INCN 1 INCNS | 


INCN 
PORT DISPATCH LOCKOUT 
PORT DISPATCH INTERRUPT 


2 PORT Hi PRIORITY DISPATCH INTERRUPT 
3 INTERRUPT FOR MISSING PORT 
cc®co 
CCO CONSOLE SOFT HALT INTERRUPT . 
Cci 1/0 BUS SERVICE REQUEST INTE RPT. 
€C2 REAL TIME CLOCK (100m3) INTERPT, 
C€C3 STATE FLAG (DISPLAYED ON CONSOLE ). 
CDO MEMORY WRITE /SWAP ADDRESS 
OuT OF BOUNDS INTERRUPT . 
CO1l MEMORY READ ADORESS OUT OF 
BOUNDS INTERRUPT. 
CoO2 MEMORY WRITE/SWAP ADDR OuT 
OF BOUNDS OVERRIDE FLAG . 
CO3 MEMORY READ DATA PARITY 


ERROR INTERRUPT . 


Cyr cru CPL cece 


*aA BIT XY FUNCTION BOX 
Luanne tte F inens LEFT HALF SCRATCHPAD 


"UNC TIONS OF X AND/OR Y, ALL MASKED (1) 


INCN S 
SYCPL,ARE; 2 20————SM—<Ctsi‘<‘ RR Lee ceeee SI5A SELECT 
SUM ox+Y BINARY OR ABIT BCD | 814A 
CMPX xX NOT COMPLEMENT X . (4) (XYST) S13A o 


CMPY YNOT COMPLEMENT Y 

XANY XeY¥ ANO INTERRUPTS 
XMEOY xX@Y EXCLUSIVE OR 

MSKX X MASKED EVEN) ONSTANT: MAXS 

MSKY = Y MASKED cc 7co 


xORY x+Y OR 


(3) 
oO 
DIFF x-Y BINARY OR 4B/T BCO (4) (BICN) 
: | 


24 BIT FA 
ADDER 


16 BIT FL 
ADDER 


TA TCITD 
TSE | | ie 
L : 


wm | | |Pee—d!. 


S Gs) @4) | 


[MATH] prrerenenany ey a pret deena Peer: Pani "ple e owe ee 5 ; 
, eh Ty E | ; i ! i 4 z 
ee SUCT | pai seeamemsenensses imam Sauna oe ie re ° aes ao = ners eae pe penton pen = —n RCT) 
eee do nea : {ot __t t! st ] ] ? t ry ig 
es cn NT NRE ee TT ee OK 
(16) A+MBR S 


READ & WRITE. 
DATA ONLY 


___! | 
STAG POINTER | 
(5) 


@) ©) (12-0412. LIT 


ae —O)}- aLiT | 
4 BIT | 3-FETCH 
FUNCTION (4m 4.L1T ADDR ADDER 


BOX 


DECR SORE 
L368 BY: © 


PORT ADAPTOR: 


BASE & 


CONCURRENCY Limit PORT DEVICE 
SET CHECKER | S-ADDR | INTERFACE 
CHECK ONTR 
i) © © | | eee 


SOFT Ivo BUS 
CONTROL 


FIGURE 2 M-PROCESSOR REGISTERS 
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PRODUCT DESCRIPTION 
PROCESSOR REGISTERS 


| 


The M Register (micro-register) is a 16-bit register used 
to hold the active micro-instruction (Mrinstruction or 
micro-operator or M~op). The state of this register is 
decoded to enable the different control signats within the 
processor to perform the operations calied for by the 
M-Op.- The M Register js broken into 4 fields for decoding 
that are structured such that 60 distinct Metops can be 
decoded. 


The M Ragister is addressable as a source and as ae sink 
(destination). When used as a sink register» the source is 
bit-ORed with the upcoming Meop. Exception: In TAPE moder 
the source is not bit-ORed with the upcoming M-op. 


MSM “ 

The MSM (Cmicro-string memory or M-Memory) Register is a 
pseudo register that is addressable as a source when the 
control panel shows HALT» or as a sink when the controt 
panet is switched to TAPE modee AS a sources MSM contains 
the microrinstruction that is pointed to by the A Register 
(See Section 3.1-23)- It is addressable as a sink by the 
microcrinstructions MOVE 24-BIT LITERAL and REGISTER MOVE 
in the TAPE mode. (See Section 344e15e REGISTER MOVE.) 


M-Memory is a high-speed memory used to hold the sequences 
of micro-instructions that perform the matro~operations 
called for by Scttanguage operators. The S-op*s are 
normally tocated in main memory (81700 S=Memory). M-Memory 
is available in increments of 1024 16-bit words up to a 
maximum of 4096 16-bit words. Any excess strings of 
microtinstructions which do not fit into the instatted 
M-Memory are located in main memory. 


Normat micro-programming should order = micro-instruction 
sequences so that the fastest execution speed possible is 
achieved regardless of the actuat size of the instatted 
M-Memory. Significant improvements in throughput are 


3.1.3 
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achieved when more and amore of the important sequences of 
M-instructions are located in the M-Memorysr since the 
M-Memory is at least five times faster than main memory. 
The M=Processor is capable of overtap operations with main 
memor ye 


M-Memory is addressable as a source and as a sink. The 
tocation accessed is usuatly determined by the contents of 
the A Registers which normatly point to the next 
microtoperator. However» the micro~operator READ/WRITE MSM 
accesses the word determined by the contents of the L 
Register as. does the MOVE SMEM TO =MMEM Covertlay) 
micro~operatore : . 


M-Processor~2 provides an additional parity bit used to 
check parity. "Odd" denotes good parity. 


A» MBR AND TOPM REGISTERS 


The A Register is a 14-bit microtprogram address register 
capable of addressing 16-384 micro-operators located in 
M-Memory and/or main memory. 


The A Register is capable of having binary increments from 
0 through 4095 added to or subtracted from it. A 
high-speed carry adder facilitates micro~program 
branching. The A Register is automaticatly incremented 
during RUN mode. Wrap-around can occur and is permitted. 


The A Register can be addressed as a source and as a sink. 
When used as a sources the contents of the A Register are 
muittiplied by 16-2 When used as a destinatione the 
rightmost 4 bits of the source are lost. 


Associated with the A Register is a 4-bit TOPM (Top of 
M~Memory) Register. This register» multiplied by 512, is 
compared with the A Register to determine from which 
memory CM~Memory or main memory) the microcoperator is 
addressed. 


If the address in the A Register is. equal to or is greater 
than the address denoted by (512) X CTOPM) >» the 
micro-operator is obtained from main memorysr otherwises it 
13 obtained from the M=Memory. 
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To obtain the micro-operator from main memorysr the A 
Address is multiplied by 16 and added to a 24~bit MBR 
CMicromInstruction Base Register) to yietd a bit address 
pointing to the microtoperator. (In S“Memory Processor 72> 
the Bit Address Modulo 16 must equal zero). 


Both the TOPM and MBR Registers are addressable as sources 
and as Sinks. 


The TOPM Register is cleared to the binary value 1000 by 
the system clear signal. 


The MBR» A» and TOPM Registers are addressed as destination 
registers by the micro~operator “BIND”. 


5ele4 A STACK 


The A Stack is 32 words deep by 24 bits wider does not have 
automatic hard overflows and operates as a push-down stack 
with a last-in> first-out type of structure. Using this 
Stack» the microcoded routines operate in =the normal 
software cali-return type of programming. This allows for 
a highty shared microcode structure and reduces” the 
associated memory requirements. Although the A Stack i5 
not intended to be used as an operand stack» it has 
purposely been made 24 bits wide to attow tinmited 
capabilities for operand storage. 


Wrap around of the TAS pointer is provided. That is» 32 
consecutive pops or 32 consecutive pushes wilt cause the 
TAS pointer to contain its original contents. 


50125 TAS 


The TAS (Top of Stack) Register is a 24-bit register which 
is the top of the A Stack. The TAS Register is addressable 
aS a source and as a sink. References to TAS rasult in the 
stack being automatically pushed or popped. 


321.6 
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X AND Y 


The X Register and the Y Register are 24-bit general 
purpose registers used primarily to hold and to act as a 
source for the two operands of the arithmetic and 
combinatorial unit. Each register is addressable as a 
source and as a sink. 


Both registers» along with the t Register and the T 
Register» are capable of read/write operations with main 
memor ye 


Both registers are capable of all SHIFT/ROTATE operations. 
The xX Register is capabte of the NORMALIZE and the 
READ/WRITE MSM operations. 


L 


The t Register is a 24-bit general purpose register used 
typically to hotd Logical fiags for the micro-program 
code. fhe L Register» as wett as each 4-bit group of L 
(denoted as LAr LBe LCr LO» LE» and LF)» is addressable as 
a source and as a Sink. 


DISPATCH operations use the L Register as the source or 
sink for a 24-bit message Cusually an address) which is 
stored in/fetched from S-Memory Location Zero. 


OVERLAY M"“MEMORY operations use the L Register as the 
source of the starting M-Memory address to be used in the 
M-Memory overlay operation. 


The BIND operator uses the tL Register as the source of the 
24-bit value to be moved to the MBR. 


Since the L Register is addressable in 4-bit groupsse its 
contents are available for anatysis and alteration via the 
4-bit function boxe. MANIPULATE» SKIP and. BIT“TEST-BRANCH 
instructions can operate on tk data. 


The L Register is one of 4 registers (C(X» Yer te» and TT) 
capable of read/write operations with main memory. 
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The READ/HRITE MSM operator uses the L Register as the 
source of the M~Memory address to be used in the 
operation. 


T 


The fT Register is a 24-bit general purpose register used 
primarily for the interpretation of S“Language 
instructions. The T Registers» as wett as each 4-bit group 
of YT (denoted as TA» TB» TC» TD» TE» and TF)» is 
addressable as a source and as a sink. 


DISPATCH operations use the least significant seven bits of 
T +as the source or sink for the port and = channet 
information associated with the DISPATCH operation. 


The BIND operator uses the T Register as the source of the 
4-bit value to be moved to the TOPM Register and as_ the 
source of the 14-bit value to be moved to the A Register. 
The vatue to be moved to TOPM {s contained in the 
rightmost (LSB) 4 bits of T white the value to be moved to 
A is contained in the teftmost (NSB) 20 positions of T. 
Note that when data is moved to A» it will be truncated on 
the Left. — 


Since the T Register is addressable in 47-bit groupsr its 
contents are available for analysis and alteration via the 
4-bit function boxe MANIPULATE» SKIP and BIT*TEST~BRANCH 
instructions can operate on T data. 


The T Register is one of 4 registers CX» Yr ie and TT) 
capable of read/write operations with main memory. 


The T Register is aiso capable of the SHIFT/ROTATE and 
EXTRACT operations. 


FA 


The FA Register (Fiald Address) is a 24-bit register used 
primarity to hold an absolute bit address for main memory. 
It has the capability of directly addressing any bit in 
the memory starting at any point. 
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The FA Register is addressable as a source and as a sink. 


The FA Register is capable of baing counted up or down by 
a literal in a micro-instruction or by the vatue contained 
n CPL in order to facilitate iteration through a memory 
jetd. It can be incremented or decremented by a value in 

left scratchpad word. It also has the capability of 
being toaded» stored» or swapped atong with F3 into a 
double scratchpad word. 


i 
f 
a 


Neither overflow nor underflow of FA is detected. The value 
of FA may go through its maximum vatue or its minimum 
value and wrap around. 


3521210 FB 


The FB Register 1s a 24-bit register which can be 
functionally divided into three portions: a 4-bit FU 
(Field Unit) registers, a 4~bit FT (Field Type) register,» 
and a 16-bit FL (Field Length) register. 


The FB Register» as well as each 44-bit portion of FB 
denoted as FU» FT» FLCC» FLD» FLE» and FLF is addressable 
as a source and as a sink. In additions the 16-bit portion 
comprised of FiC»+ FLO» FLE» and FLF and denoted as FL i158 
also addressable as source and as a sink. 


The FU Register hotids the length of the unit which makes up 
a field in memory. The FT Ragister hotds field type 

information while the FL Register holds the totat tength 

of the field. FL is capable of describing fields up to 

65636 bits and can be adjusted up or down by a titeral in 

a micro-instruction or by the value contained in CPL in 

order to facilitate iteration through a memory field. 


Notes: Overflow of FL is not detected. The value of FL 
will go through its maximum value and wrap around. 
Underflow of FL is detected and wilt not wrap 
around. The value of zero is left in FL. 


Since the FB Register is addressable in 47-bit groups» its 
contents are available for analysis and alteration via the 
44-bit function box. MANIPULATE» SKIP and BIT-TEST“BRANCH 
instructions can operate on FB data. 


Sele 


321.212 


5321213 


14 


BURROUGHS CORPORATION COMPANY CONFIDENTIAL 
COMPUTER SYSTEMS GROUP M“MEMORY PROCESSOR 
SANTA BARBARA PLANT PeSe #1913 1747 


FB has the capability of being loaded» stored» or swapped 
along with FA into a double scratchpad memory word. 


FU and FL along with corresponding portions of the’ first 
cetl of scratchpad are used to set the various conditions 
of FLCN Csee Section 3.416125 FLCON) and the various 
conditions of the CP register (see Section 324-20» BIAS). 


SCRATCHPAD 


A scratchpad memory of sixteen 48-bit words is provided to 
hold field descriptors during the iteration of operands. 
Some cells may be used to hold S-Language stack pointers 
and other processor registers which are under constant 
manipulation. 


The FU and FL portion of the FB Ragister and like portions 
of the first ceili of the scratchpad are used to set the 
various conditions of FLCN (see Section 321-12» FLCN) and 
the various conditions of the CP register (see Section 
5e4e20> BIAS) « 


FLCN 


FLCON (field tength condition) is a 4“bit pseudo register 
that holds the result of a static comparison of the FL 
portion of the FB register and the corresponding portion 
of the first scratchpad word. It is addressable as a 
source only. 


FLONS § FL=SFL 2 FLOSFL 4 FL<SFL $ FL neq O 1 


a i <a > On a oP a en a 4 oes oe a ee a ee ee ee ae ee oe eee ee ae ee 


BR AND LR 


The LR and BR Registers are both 24-bit registers and are 
used for memory protection and (for base relative 
addressing. Memory protection is provided by checking the 
memory address in FA with the BR (B8ase Register) and the 
LR CtLimit Register) for alt memory cyciese. Any address 
outside these bounds is flagged in the CD Register. A 
memory READ operation is atways atlowed whether inside or 


Selelh 


3e te 1401 


30121422 
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outside the boundary» but WRITE or SWAP operations are 
allowed outside the boundary onty if the override bit of 
the CO register is true. A memory address equal to the BR 
or LR 5 considered in bounds. Note: The memory protection 
is provided only on the initiat pointer and does not 
provide protection on those memory bits accessed when the 
Field tengoth is greater than onee The COUNT operation 
specified by the count variants wilt take place regardless 
of whether or not the memory cycle takes place. 


Each register is addressable as a source and as a Sink. 


Cc 


The C Ccontrol) Register is a 24-bit register which is not 
addressable is an entity but which is functionally divided 
into one 8-oit section and four 4-bit sections. 


CP CCYF. CPUr CPL? 


The 8-bit section» addressed as CP» is comprised of the 
arithmetic unit carry flip-flop (CCYF), the 2-bit unit 
controt for the arithmetic unit (CPU) and the 5-bit 
variable data tength controt (CPL). CPU is also 
addressable as a source and as a sink and when so 
addressed can be treated as if it were a 4-bit register 
whose leftmost 2 bits are always equal to zero. 


CP: 4 CYF t cPuU 1 cPL 1 
C Wesel b Oses03 A Oes5 31 t 
7A 
i 
m7 --=-L58 


CA» CB» CC» CO 


The remaining 167bits of the C Register are addressable in 
4“bit groups as CA» CB» CC and CD. Their contents are 
avaitable for analysis and alteration via the 4-bit 
function boxe MANIPULATE» SKIP and BIT“TEST*BRANCH 
instructions are applicable. 
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The 4-bit groups designated as CA and C3 have no special 
functional assignment and are available as general purpose 
4-bit storage registers. 


The two 4-bit registers designated as CC and CO are used 
for the storage of various processor states and conditions 
as shown below: 


TT a Tn ee OR a EE a ee DO ee) ee ee ee ee a a em ee ee ee ee 


{ CONTROL PNL ¢ TIMER 1 #70 BUS t CONTROL 1 


CC: 4 STATE LAMP & INTERRUPT § INTERRUPT 1} PNL { 
i FLIP-FLOP { | { INTERRUPT 4 
JIN 
{ 
LS8 
i MEMORY 1 MEMORY ADOR 1 MEMORY ADOR #§ MEMORY ADDR 1 
CDO> @ READ DATA & WRITE/SSWAP § READ 1 WRITE/SSWAP 1 


1 PAR ERROR 1 OUT OF BOUNDS &§ OUT OF BNDS t OUT OF BNDS 1 
1 INTERRUPT § OVERRIOE CNTIL I INTERRUPT 1 INTERRUPT ! 


CE CEE MM BW SSE BW ee Oe BE BDPMt BEEBE EE OSE BD MeAVeeeee SO Qe enn ee aetentawn 28 2 as 


The control panel state lamp flip-flop when true will cause 
the STATE tamp to tight. . 


The timer interrupt signal is developed from the primary 
power frequency» field adjustable for either 50Hz or 60Hz. 
The interrupt signal is received and is used to set the 
appropriate CC bit once every 100 milliseconds. 


The 1/0 Bus interrupt tevet is derived from the various I/0 
controls connected to the processor's I[/0 Buse. The tevel 

is the result of a sarvice request by one or more controls 

and is used to set the interrupt bit every ctock time. 


The control panet interrupt level is derived from the on 
position of the control panel*s INTERRUPT switch. The 
tevel from the switch is used to set the interrupt bit 
every clock time. 
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The memory read data parity error interrupt is set as ‘a 
result of a parity error detected during: 


(1) console READ of S=Memory by M-Processor-1>» 
€2) READ/SSWAP/SOISPATCH overtay from S“Memory>» 


C3) Micror-op fetch from M~Memory if H/F flip-flop = 1 (no 
halt)», 


(4) MOVE MSM TO REGISTER if H/F flip-flop = 1 (no halt)» 


(5) mi cro~op fetch from S~Memory by Processor1 (program 
halts) 


The S~Memory (main memory) parity error signat is received 
from the Port Interchange via the portprocessor 
interfaces .or in the case of direct connections from main 
memory. The M-Memory parity error signat is developed from 
logic in the processor. 


The memory address out-of-bounds signats are derived from 
Logic which compares the contents of the FA Register with 
the contents of the Base (8R) and Limit (LR) Registers on 
alt memory accesses. The state of the outrof~bounds 
override controt bit does not affect the setting of 
out~of=bounds interrupt bits but does affect the 
occurrence of the subsequent write operation. (See Section 
303075 Base and Limit Registers.) 


No reaction occurs as a result of any interrupt untit the 
micro~program tests the interrupt bit. 


A microwinstruction or the controt panel CLEAR pushbutton 
is capable of resetting a bit in the C Register. The bit 
being reset will be false for at teast one clock period 
following the reset regardless of the continued existence 
of. the condition to set the bit €e.ge» control panel or 
service request interrupts). Any test micro~operator 
executed in this clock period wilt find the bit fatse. If 
the condition does not continue to exist beyond the reset 
timee a failure to set the bit may occur (Ceege> timer 
interrupt). 


321.215 


3e le 16 


3e1217 
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MAXS» MAXM 


MAXS and MAXM are both 24-bit pseudo ragisters that can be 
field-adjusted to give the actual size of the memories 
installed in the system. Both are addressable as sources 
onty. MAXS» for main (S) memorys has 4K~-byte resotution 
Ctleast significant 15 bits are atways zeroes). MAXMs» for 
control (M4) memory has a i1K-word resolution (Ctleast 
significant 10 bits are always zeroes). 


U 


The U Register is a 16-bit register used primarily to. 
accumulate the bit-by-bit input from the control panet's 
tape cassette. The U Register is addressable as a source 
register only. 


In RUN moder if data is not yet available in the register», 
the micror-operator will be delayed. Data not accepted in 
time wilt be lost. 


In TAPE modes the register*s contents are automatically 
moved to the M Register for execution except when 
executing micro operators that reference the U Register as 
a source. In these cases the source data is moved directly 
from the U Ragister to the destination and wilt not be 
treated as an instruction to be executed. The next 
instruction from the tape witt follow this data. For MOVE 
24-BIT LITERAL» the 8 bits of tha titeratl in the 
Register are atso moved to the destination. For 
CONDITIONAL BRANCH» the A Register may be changed but the 
next micro-~operator read from the tape with also be 
executed. 


Notes In RUN mode» the U Register may not be addressed 
after the issuance of a CASSETTE STOP micro. 


DATA 


DATA is a 24-bit pseudo register that can act aS a source 
or as a destination. It is used to transfer data to and 
from the I/9 Buse When it is used as a sources the 
processcr generates the RC CRESPONSE COMPLETE) signat to 


301018 


3e1219 


521-20 
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the interface and accepts the 24-bits of data from the 
buse When used as a destinationr the processor generates 
the RC signat to the interface and the data from the 
designated source to the bus. 


CMND 


CMND (Command) is a 24-bit pseudo register that can act as 
a destination onty. It is used to transfer commands to 
devices on the I/0 8use The processor generates the CA 
sSignat to the interface and moves the data Cor the 
command) from the designated source to the bus. 


NULL 


NULL is a 24-bit pseudo register that can act as a source 
and as a destination. When addressed as a sourcer ati 
zeros are supplied to the destination. When addressed as 
a destination» the source data is not accepted. However> 
NULL is useful as a destination in order to pop the TAS 
Register without affecting other registers. 


READ 


READ is a 24-bit pseudo register that can act as a source 
oniy. When addressed as a sources information on the 


positions of the control panel switches is supplied to the 
destination. 


WRIT 


WRIT is not permitted to be addressed as a source or as a 
destinations but is used in conjunction with a memory 
WRITE operation from the controt panel. 
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24-BIT FUNCTION 80X 


The 24-bit “function box” i383 composed of a 24-bit 
arithmetic unit and a 24-bit combinatorial unit. It has as 
data inputs the contents of the X and Y Registers and the 
carry flip-flop CCYF). It also uses CPU (control for the 
arithmetic unfit? and CPL (Cthe S-bit variable operand 
tength) from the CP portion of the C Register. 


Alt resuits from the combinatorial section are generated 
immediately and are continuously avaitable to the 
micro=progr ammere A move to one of the input registers or 
an alteration of a vatue in the CP portion of the C 
Register immediately generates a new result. The results 
are avaitable to the next microinstruction and = are 
accessed by moving the contents of a result register to a 
destination register or by testing one of the 4-bit 
condition registers. 


The resuits are most of the commonly used functions between 
two operandse These include the Ande Or» Exctusive-Or> 

Sums carry~outs difference» and borrow functions and the 

set of equal-to» greater-than»e and less-than relationals. 

The results of the unary operations of comptementation and 

masking are aiso avaitable. 


The results of the arithmetic unit are under controt of the 
CPU and the CPL Registers as follows. 


CPU UNIT TYPE POSSIBLE CPL VALUES DATA TYPE 

00 l-bit operands 1 to 24 Binary 

00 44-bit operands 4r8r1216»20r0r 24 4-bit binary 
10 Undefined 

11 8-bit operands 8» i6r 24 EBCOIC 


For vatid arithmetic operationsse the operand tength (Cas 
specified by CPL) must be an exact multipte of the Length 
of the unit specified by CPU. 


The contents of each of the registers described in the 
following subsections are immediately available to the 
micro~programmer. 
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Je2el SUM 


SUM is a pseudo register equal to the sum of the X» Yor and 
CYF Registers (X + Y + CYF). Zero bits in the more 
significant bit positions of the 24-bit result are 
produced when the length as determined by CPL (C5-bit 
variable data tength control? is tess than 24. Results are 
not defined for CPL vatues 25 through 31. The carry-out 
fevelt is generated from the bit position of the output 
specified by CPL. If CPL = O» the carry-out tevel is equal 
to CYF. If CPL = 1» the carry~out level is generated from 
the rightmost bit of X» Y and CYF. See Section 341-14.1> 
CP (CYF» CPU, CPL). 


If CPU (2-bit arithmetic unit control) = 00+ the binary sum 
13 produced. See Section 341-1461» CP C(CYFs CPU, CPL). 


If CPU = Ol» the decimal sum is produced by considering the 
X and Y inputs to be comprised of six 4-bit units. Results 
are not defined for non-Binary Coded Decimat (8CD) units. 
CPL must be a multipte of four. 


If CPU = 10 or ils the sum is undefined. 


30202 DIFF 


DIFF is a pseudo register equat to the difference of the Xp» 
Yr and CYF Registers (X - Y =~ CYF). Zero bits appear in 

the more significant bit positions of the 24-bit result 

when the tength as determined by CPL is tess than 24. 

Results are not defined for CPL values 25 through 31. The 

borrow~out tLevels generated from the static comparison of 

alt 24-bits of X & Ye is true if X < Y or if X = Y and CYF 

is true. 


If CPU = 00> the binary difference is produced. 

If CPU = Ot» the decimat difference is produced py 
considering the X &@ Y inputs to be comprised of six 4-bit 
units. Results are not defined for non-8CD units. CPL must 
be a muitiple of four. 


If CPU = 10 or Ll» the difference is undefined. 


Ze2e 5 


5e2e4 
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A negative result is in 2%s complement form in the binary 
case and in 10's complement form in the decimal case. 


KANY» XORY» XEOY 


XANY (X and Ys» XORY (X or YY)» and XEQY (X exclusiveror Y) 
are 24-bit pseudo registers that hold the results of the 
specified togicat functions. Zero bits are produced in the 
more significant bit positions of the 24-bit result when 
the length as determined by CPL is tess than 24. Results 
for the CPL vatues 25 through 31 are not defined. 


CMPX» CMPY 


CMPX Ccoaplement of X) and CMPY (complement of YY) are 
24-bit pseudo registers that hotd the 1%s complements of 
the specified registers. Zero bits are produced in the 
more significant positions of the 24-bit result when the 
length as determined by CPL is less than 24. CPL values 25 
through 31 have undefined results. 


MSKX»>MSKY 


MSKX» (mask of X) and MSKY (mask of Y) are 24-bit pseudo 
registers that hold the mask of the appropriate register 
«X or ¥). Beginning with LSB of X or Ye the number of bit 
positions included in the mask is determined by the vatue 
of CPL. Zero bits are produced in the more significant bit 
positions of the 24-bit result when the tength as 
determined by CPL is tess that 24. Resutts are not defined 
for CPL values 25 through 31. 


BICN 


BICN (Cbinary conditions) is a 4-bit pseudo register that 
hotds the following binary conditions» considered as a 
4-bit group» and addressable as a source only: 


3elel 
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NOTE: CYF is also addressed by the SET CYF M-Instruction 
as well as being available in the (8-bit) group 
addressed as CP. 


BICN: 4§ LSUY 1 CYF 4 CYD § CYL 1 


' 4 | { 

j | { Carry Out Levet 
| I Borrow-QOut Level 

{ Carry Ftip-Flop 

Least Significant Unit of Y 


The carry~out tevel is a function of X» Ye CPLe and CPU. 
See Section 3.2e1. The borrowtout level is a function of 
Xe Ye and CYF.e See Section 3.2.2» DIFF. 


LSUY is true if the teast significant unit of Y is equat to 
1 and CPU = 00 or 10% or if the teast significant unit of 
Y is equal to 1001 and CPU = O14 or 11. 


XYCN 


KYCN CXY condition) is a 4-bit pseudo register that holds 
the following retationat conditions» considered as a 4-bit 
group and addressable as a source only: 


PE a a a OE ee ee a ee OP a 6 a ae 6 ee ee 


XYCNS §@ MSBX § X=¥ § X<¥ § X>Y 1 


MSBX is true if the bit in X referenced by CPL is 1. CPL = 
1 references the rightmost bit of xX while CPL = 24 
references the teftmost bit. MSBX = 0 if CPL = Q. 


The relational results are based on the binary value of alt 
Z24-bits of X and Y~ 


32228 
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XYST 


XY¥YST (XY states) is a 4~bit pseudo register that holds the 
following relational conditions» considered as a 4-bit 
group and addressable as a source onty: 


X¥ST: 4 =U 1 INT # ¥ neq 0 1X neq ° i 


LSUX is true when the least significant unit of X is equal 
to 1 and CPU = 00 or 10» or when the teast significant 
unit of X is equal to 1001 and CPU = O1 or i1. 


The relational results are based on the binary vatue of att 
24 bits of X or Y. 


INT ts true if any of the following conditions as reflected 
in INCN» CCe and CD are true. (See Section 321-10» INCN 
and cel el Se Ze CA» CB» Cle CD.) 


1. Missing Port Device 

Ze Port Interrupt 

3e Timer Interrupt 

4e Bus I/0 Interrupt 

56 Control Panel [Interrupt 

6 Memory Parity Error Interrupt 

Ve Memory Write/Swap Address Out of Bounds Interrupt 


322210 


€4) SCRATCHPAD MOVE of MSM is halt flag 
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INCN 


INCN Cinterrupt conditions) is a 44-bit pseudo registers 
source only» that reflects the state of certain interface 
Lines between the processor and the port interchange. 


1 PORT 1 PORT 1 PORT 1 PORT 1 


INCN? @€ MISSING § HI PRIORITY @t INTERRUPT # LOCKOUT 1 
i DEVICE { ENE RaUE i i ' 
PERR - 


PERR Cparity error) is a 4“bit registers» source only» that 
reflects error conditions as follows: 


DO GED 8 EE ED ED AD EE OP EE EP a OE EF ND OME SE OHS Oa ee en ea _— me =o es am 


4 NO ( M-MEMORY @ SwMEMORY 4 CASSETTE § 
4 ASSIGNMENT §# PARITY f PARITY i PARITY | 
i 1 ERROR 1 ERROR -} ERROR 1 


The true state of any bit causes a console tamp to be 
illuminated and a processor halt. 


The PERR Register is cleared by: 


(1) a generat CLEAR 

(2) control panel START pushbutton depressed, 

€3) console READ of S=Memory or M-Memory i-@e» READ/WRITE 
or INC pushbutton depressed. 


The M-Memory parity error bit is set if a parity error is 
detected during: 


€1) console READ of the MSM Registers ise@e» READ/WRITE or 
INC pushbutton depressed» 

(2) fetch of a micro-operator from MSM if hait/flag CH/F 
flip filop) = 0 CHALT)>» 

(3) REGISTER MOVE of MSM if hait flag 0» 

= QO. 


ae 
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The S~Memory parity error bit is set if a parity error is 
detected during: 


€1) console READ of S=-Memory>» te@er READ pushbutton 
depressed» 
(2) fetch of a micro~operator from S~Memory. 


The cassette parity error bit is set if a parity error is 
detected during a CASSETTE READ. 


PERR is present in M-Processor-2 onty. If addressed as a 
source by a M=-Processor-1e zero bits are returned. 


4-BIT FUNCTION BOX 


The 4&-bit function box (4-bit arithmetic and combinatorial 
section of the processor) can accepts as one of its 
inputs» the contents of any of the following 4-bit 
registers and pseudo registers. The second input is 
obtained from the M-Instruction itsetf. 


TA TB Tc TD TE TF 
LA LB LC LD Le LF 
FU FT FLC FLD FLE FLF 
CA CB cc ~ Cd TOPM CPU 
BICN XYCN XYST FLCN INCN PERR 


Outputs include the result of most of the commonly used 
functions between two operands; for example: set» ands or» 
exclusive~or» and binary sum and difference Cboth modulo 
16). Outputs are directed back to the source register. 


The sum and difference output can be tested for overflow 
and underflow respectively and» based on the test» a skip 
of one instruction can be made. 


The 4-bit function box atso provides for the selective 
testing of one of the bits of a four-bit group and 
relative branching based on the resuit of the test. A skip 
of one instruction based on the result of testing on a 
combination of up to four bits in the group is atso 
provided. 


BICNs XYCN» XYST»+ FLONs and INCN are not actually registers 
but can be sourced as if they were. They can be changed 
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only as a result of changing the condition which they 
reflect. 


CPU is actualty a 2-bit register but can be addressed as if 
it were a 4-bit register whose teftmost 2 bits are always 
equal to zero. 


304 M~ INSTRUCTIONS 
3e4el REGISTER MOVE 


1 OP 4 SOURCE 1 SOURCE { DESTINATION 1 DESTINATION § 


FORMAT: 4 CODE 4&4 REGISTER 1! REGISTER $ REGISTER {1 REGISTER ( 
4 0001 4 GROUP # t GROUP # 4 SELECT # 1 GROUP # { 
{ #0 -15 1 Deeewed 1 QeeeS 1 O«e0e15 f 


Move the contents of the source register to the destination 
register. If the source register is smaller than the 

destination register» data are right justified with Left 

(most significant) zero bits supptied. [If the source 

register is larger than the destination registers data are 

truncated from the teft. 


The contents of the source register are unchanged unless it 
is aiso the destination register. 


Exceptions: 


1. 6 When M 43 used as a destination register in RUN or 
STEP mode» the operation is changed to a bit~DOR which 
modifies the next microtoperation. [t does not modify 
the instruction as stored in the memorye In TAPE 

mader no bite0R takes place. 


Ze WRIT. and CMNO are excluded as source registers. 

3e BICN» FLCNe XYCNe XYST» INCNe READ» WRITs SUM» CHPX> 
CMPY» XANY» XEOQY» MSKX» MSKYs» XORYs DIFF» MAXS» MAXM»e 
and VU are exctuded as destination registers. 


he When DATA is designated as a sources CMND and OATA 
are excluded as destinations. 


FORMAT: 
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Se When U or DATA is designated as a source and when the 
next micro is to be obtained from main memorys M is 
excluded as a destination. 
6. U is excluded as a source in STEP mode. 
SCRATCHPAD MOVE 
i oP 4 RGSTR 4 RGSTR §$ OLRECTION 4 SCRICHPD § SCRICHP) 1 
§ CODE 4 GRP # ¢& SLCOT# #4 0 TO SCRICHPD 4 WORD 4 WORD i 
10010 € OoeelS 4 Qeee-3 $ 1 FROM § O-LFY WROD t ADDRESS 1 
i i i ' SCRICHPD f i-RT WROD ¢ 0..215 i 
Move the contents of the register CSCRATCHPAD) to 
SCRATCHPAD Cregister). If the move is between registers of 
unequal tengths» the data is right justified with Left 
Cmost significant) zero bits supplied or with data 
truncated from the left» whichever is aporopriate. 
The contents of the source register are unchanged. 
Exceptions: 
1. When M 435 used as a destination register» the 
operation is changed to a bit-or which modifies the 
next micro-~operation. It does not modify the 
instruction as stored in the memory. 
Ze WRIT and CMNO are exctuded as source registers. 
36 BICN» FLCNe XYCNe XYSTe INCN» READe WRIT? SUM» CMPX> 
CMPY» XANY» XORY» XEOY» MSKX» MSKY» DIFF» MAXS» MAXM 
and U are exctuded as destination registers. 
ho U is exctuded as a source in STEP mode. 
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324.3 SWAP F WITH DOUBLEPAD WORD 

4 OP { DESTINATION § SOURCE 48-BIT ! 
FORMAT: @ CODE { 48-B1F 1 SCRATCHPAD 1 

40000 O111 4 SCRATCHPAD ¢ WORD ‘ 

1 t WORD 4 0...15 1 

i 1 O4«2.-15 { i 


Move the contents of the FA and FB registers to a holding 
register. Move the contents of the Left and right word of 
the source scratchpad word to the FA and FB register 
respectively. Move the contents of the holding register to 
the left and right word of the destination scratchpad 


worde 
30424 STORE F INTO OOUBLEPAD WORD 
§ OP 4 SCRATCHPAD | 
FORMAT: #@ CODE 1 WORD ADDRESS 3 
10000 0000 0100 4 0--.15 i 


Move the contents of the FA and FB register to the left and 
right word respectively of the designated scratchopad word. 


The contents of the source registers are unchanged. 


30425 LOAD F FROM DOUBLEPAD WORD 
4 oP § SCRATCHPAD { 
FORMAT: 1 CODE {§ WORD ADDRESS 1 
1 9000 0000 9101 ft O««-15 I 


oO aD EP GD 28 ee G8 4 8 Oe OO ee ee ee ae a 


Move the contents of the teft and right word of the 
designated scratchpad word to the FA and FB register 
respectively. 


324.26 
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The contents of the source registers are unchanged. 


MOVE 8-BIT LITERAL 


1 > Gan oP a an a GE a an ee a a Oe SR Oe ee ee Oe ee a a ee eo 


1 OP 4 DESTINATION # LITERAL 1 


FORMAT: # CODE § REGISTER ( i 
1 1000 ! GROUP &@ 1 Q2e-255 J 
i § 022-15 i i 


Move the 8~bit Literal given in the instruction to the 
destination ragister. If the move is between registers of 
unequal tengths» the data is right justified with left 
(most significant) zero bits supplied. The register setect 
number is assumed to be 2. 


Exceptions: 


1) READ and WRIT are exctuded as destination registers. 


2) When M is used aS a destination registers the 
operation is changed to a bitctor which modifies the 
next micro instruction. It does not modify the 
instruction as stored in the memory. 


MOVE 24-BIT LITERAL 


‘ OP ! i 
FORMAT: #§ CODE # REGISTER 1 Ose. MAX { 
{f 1901 #! GROUP # 1 | 
I 1 Geeel5 ! i 


Move the 24-bit literat given in the instruction to the 
destination register. If the move is between registers of 
unequat lengths» the literal is truncated from the left. 
The register select number is assumed to be 2. 


504.9 


FORMAT : 
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Exceptions: 


1) READes WRIT» M and MSM Cexceot in TAPE mode) = are 
excluded as destination registers. 


SWAP MEMORY 


a a eee an ED ee ee ee eee 


: 4 OP ( REGISTER #@ ¢ FIELD 1 MEMORY 1! 
FORMAT: § CODE 1 00 = X 1 OLRECTION © ( FIELD 1! 
40000 0010 § O1 = Y §@ QO - POSITIVE # LENGTH 1 

| 4102+ T 1 1 = NEGATIVE 1 O«--24 1 

1 oe re & t ! i 


Swap data from main memory with the data in the specified 
register. If the value of the memory field is less than 
24-5 the data from memory is right justified with Left 
(most significant) zero bits supplied white the data from 
the register is truncated from the left. 


Register FA contains the bit address of the memory field 
white the field direction sign and field Length is given 
in the instruction. 


If the vaiue of the memory fieitd length as given in the 
instruction is zero» the vahue given in CPL is used. 


READ/WRITE MEMORY 


OP { OIYRECTION 1 COUNT 1 RGSTR @ 
CODE 4 0 to RGSTR i VRNTS 1 00 = 
O111 1 1 TO MEMORY 1 Oeee? 1 OL = 0 - POSITIVE # LEN 
i I 410: 1 - NEGATIVE 4 0.. 

{ — 


' 111 


cr 4 eK 
amo a me § 


Move the register's C(memory*s) contents to the memory 
(register). If the vaiue of the memory fietd tength is 


“less than 24 the data from memory is right justified with 


left Cmost significant) zero bits supplied while the data 


FIELD { MEMORY 
DIRECTION ! FIELD 


GTH 
226 


had 
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from the register is truncated from the teft. 
The contents of the source is unchanged. 


Register FA contains the bit address of the memory fietd 
white the memory field direction sign and memory field 
tfength is given in the instruction. 


If the value of the memory field tength as given in the 
instruction is zero» the vatue in CPL is used. 


Memory field tength values Cor CPL vatues if MFL = 0) of 25 
and 26 are truncated to the value 24 When used on a WRITE 

operations the value 25 and 26 cause odd and even parity 

respectively to be written into memory regardless of the 

parity of the read data. 


For a descrintion of the count variants» see Section 
3040107 COUNT FA/FL. 


304210 COUNT FA/FL 
1 oP i COUNT 1 LITERAL 1 
FORMAT: # CODE i VARIANTS § O«2-31 1 
4 0000 0110 1 


Oeeel { j 


Increment (decrement) binarily the designated register(s) 
by the value of the literal contained in the instruction 
or by the vatue of CPL if the value of the titerat is 
Zeroe 


Neither overftow nor underftow of FA is detected. The vatue 
of FA may go through its maximum vatue or its minimum 
vatue and wrap around. 


Qverflow of FL is not detected. The value of FL witt go 
through its maximum value and wrap around. Underflow of FL 
is detected and will not wrap around. The value of zero is 
left in FL. . 


Literal vatues Cor CPL values if LIT = 0) of 25 through 31 
are truncated to the value 24. 
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Count variants are as foltows: 


V = 000 No count 
001 Count FA Up 
010 Count FL Up 
011 Count FA Up and FL Down 
100 Count FA Down and FL Up 
101 Count FA Down 
110 Count FL Down 
111 Count FA Down and FL Down 


Se 4eil SCRATCHPAD RELATE FA 
4 oP 4 RESERVED § SIGN OFF 1 LEFT SCRATCHPAD 1 
FORMAT: 1 CODE 4 § SPAD WORO ¢ WORD ADDRESS i 
§ 0000 1000 1 000 # O-POSITIVE & O«2.15 1 
i i 1 I-NEGATIVE 1! i 


Replace the contents of the FA Register by the binary sum 
of the FA Register and specified scratchpad register. 


Neither overflow nor underflow of FA is detected. The vatue 
of FA may go through its maximum vatue or its minimum 
value and wrap around. 


3e4e12 EXTRACT FROM REGISTER T 
{ OP 1 ROTATE 1 DESTINATION #@ EXTRACT ( 
FORMAT: ¢ CODE § BIT COUNT 1! REGISTER { BIT COUNT 1 
#81011 $ 0.2424 400 - X- 1 0.0224 1 
i i {ol - Y 1 I 
1 4 410° T t { 
1 { ee > ae { | 


Rotate register T teft by the number of bits specified and 
then extract from the right the number of bits specified. 
Move this result to the destination register supplying 
left most (most significant) zero bits if the extract 
count is less than 24. 


504213 
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The contents of the source register are unchanged unless it 
is also the destination register. 


A rotate vatue of 24 is equivatent to 0. 


SHIFT/ROTATE REGISTER T LEFT 


1 OP § OSTNATN # OSTNATN #8 S/R VARIANT #8 S/R ! 
FORMAT: #€ CODE # REGISTR #¢ REGISTR § O = SHIFT 1 BIT COUNT 13 
# 1010 4 GROUP # 4 SELECT# § 1 = ROTATE #t Oeew 24 i 

t 


1 { Oe ee lS { Dees 3 | 


Mmm wh a EE ae EE EE OH VBS eae CSF PQs Ai ag annuwe se eee aww @ wwe a 


SHIFT CROTATE) Register T left by the number of bits 
speci fied and then move the 24-bit result to the 
destination register. If the move is between registers of 
equat lengths» the data is right justified with data 


truncated from the teft. 


The contents of the source register are unchanged untess 
the source register is aiso the destination register. 


Zero filt on the right and truncation on the tleft 
for the SHIFT operation. 


occurs 


If the value of the SHIFT/ROTATE count as 
instruction is zero» the value given in CPL 


given in the 
1S used. 


Exceptions: 


1. When M 8S used as a destination register-r the 
operation is changed to a bit-or which modifies the 
next micro-operation.» It does not modi fy the 


instruction as stored in the memory. 


Ze BICNe FLCN» XYCN» XYST»+ INCNe READs WRIT? SUM» CMUPX» 
CMPYs XANY» XEOYs» MSKX» MSKY» XORYs» DIFF» MAXS» MAXM» 
and U are exctuded as destination registers. 


304214 


304215 


3e4216 
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SHIFT /ROTATE REGISTER X/Y LEFT/RIGHT 


4 ap 1 S/R i L/R i X/Y 4 S/R 
FORMAT: 4 CODE § VARIANT @ VARIANT @ VARIANT | BIT 
10000 0100 ¢ OWSHIFT tt O-LEFT ¢ O-X REG # COUNT 


4 f I"ROTATE § L"RIGHT # I-Y REG tf 02-224 1 


SHIFY CROTATE? Register X or Register Y Left (right) by the 


number of bits specified. 
Zero fiil on the right and truncation on the left occurs 


for the teft shift. Zero fill on the teft and truncation 
on the right occurs for the right shift. 


SHIFT/ROTATE REGISTERS XY LEFT/RIGHT 


a a ee Oe OE EE OP RNB SOOO BDF eB BABS Be we 


i oP i S/R 1 L/R $ S/R { 
FORMAT: # CODE § VARIANT ¢ VARIANT # BIT ' 
#0000 0101 § O-SHIFT 8 OTLEFT &§ COUNT 1 
i. 1 1I*ROTATE @ L"RIGHT # 0...48 1 


OS POE S282 OS OE OSE SCH TABS SFB FSBO SDS Be KH aoeawsasnaw ww 


SHIFT CROTATE) Register X and Y left Cright) by the number 
of bits specified. The register X is the leftmost (more 
Significant) half of the concatenated 48-bit XY register. 


Zero fitt on the right and truncation on the left occurs 
for the Left shift. Zero fill on the teft and truncation 
on the right occurs for the right shift. 


NORMALIZE X 


1 OP § 
FORMAT: 1 CODE i 
4 9900 0000 0000 0911 ! 


mB ewe wae ee ee eee ee we ee 


324217 
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SHIFT the X Register Left while counting FL downe until 
FL=9 or until the bit in X referenced by CPL = 1. Zeros 
are shifted into the rightmost end of X. 


CPL = 1 references the rightmost bit of X while CPL = 24 
references the leftmost bit of Xe CPL is undefined. 


READ/WRITE MSM 


FORMAT: & OP CODE j VARTANTS 1 R/W VARIANT 1 
$ 0000 0000 0111 1 G/B 1 H/F ft S/N $ 0 TO X ! 
{ | § i 1 1 FROM X i 


Move the contents of the X Register to the M-Memory word 
specified by the address contained in the L Register if 
the R/W variant bit = 1. The data is truncated from the 
left. 


Move the contents of the M-Memory word specified by the 
address contained in the tl Register to the X Register if 
the R/W variant bit = 0. The data is right justified with 
left (most significant) zero bits supplied. 


The tower 4 bits and the upper 8 bits of the address in UL 
are ignored. 


READ/WRITE MSM causes the A register to be moved to the TAS 
Register and the L Register to be moved to the A Register 

before the instruction is executed. The TAS is restored to 

A after the READ/HRITE MSM operation is completed. 


The § Variant is used to enable the set/reset of the G/8 
and the H/F flip flops. If S = 1» the G/B and H/F flip 
flops are set/reset by the G/8 and H/F variants. If S = O» 
no change is made in the G/8 and H/F flip flops. 


If the G/B flip flop is trues all READ/WRITE MSM operations 
wiit force bad parity in the addressed word. If the G/8 
flip flop is fatse» att READ/WRITE MSM operations witl 
force good parity in the addressed word. 
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If the H/F flion flop is truer the processor upon reading an 
M“Memory word containing a parity error wilt flag the 

error condition by setting a CO bit true. It witl rot 

hatt. If the H/F flip flop is false» the processor upon 

detection of a parity error in reading an M-Memory word 

wilt flag the error condition by setting PERR bit 1 true 

and then hatte. Reading an M-*Memory word occurs when 

fetching a M~oo from M-Memory or when moving an M-Memory 

word to any destination. 


The H/F and G/B flip flops are cleared to zero (false) with 
the CLEAR signat. If S = i» the G/B and H/F flip flops are 
set/reset prior to the execution of the READ/WRITE MSM 
portion of the operation. 


304218 CALL 


4 oP { DISPLACEMENT $ DISPLACEMENT 1! 

FORMAT: 1 CODE 1! SIGN 1 VALUE i 

Pili & O=POSITIVE 1 00224095 1 

1 1=NEGATIVE 1 i 

Push the address of the next in-line micro-instruction into 
the A Stack and then fetch the next microvrinstruction from 
the location obtained by adding the signed displacement 


walue given in the instruction to the address of the next 
incline micro~instruction. 


A displacement value indicates the number of 16-bit words. 


Note: When the A Address is stored in the A Stack» it is 
multiplied by 16 and stored as a bit address. 


Note: Exit is accomplished by employing the REGISTER 
MOVE instruction with the TAS as the source 
register and A as the destination register. 


324219 


5324220 
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BRANCH 


a a 2h 8 A ee a SE a OD ew Oe OO OE ESE BOSOM eS Sw Cee Se Ee eS 


1 OP { DISPLACEMENT & DISPLACEMENT 1 


FORMAT: &§ CODE § SIGN § VALUE { 
$8110 | O=POSITIVE 1 00024095 { 
4 L=NEGATIVE { { 


i A A TD Oa A A ONS UR a ON GE a a a 


Fetch the next micro~instruction from the location obtained 


by adding the signed displacement value given in the 
instruction to the address of the microrinstruction 
next~in-tine.e 


A displacement value indicates the number of 16~bit words. 


BIAS 
1 oop 1 VARIANTS 1 TEST CPL NEQ@ 0 FLAG 1 
FORMAT: 1 CODE , 1 0 - NO TEST ‘ 
1 0000 0000 0011 4 Ove? 1 1 - TEST CPL RESULT 1 


Set CPU to the value 1 if the vatue of FU is 4 or 8 and to 
0 otherwises untess V = 2. If V = 2» the CPU value is 
determined by SFU in lieu of FU. 


Set the value of CPL to the smatlest of the vatues denoted 
on each tine in the fottowing table. 


VALUES 

FU 

24 and FL 

24 and SFL 

24 and FL and SFL 
CPL 

24 and CPL and FL 
CPL 

CPL 


NOW EWN SO IS 
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If test flag equals 1 and final value of CPL is not zero» 
the next 16 7*bit microinstruction is skipped. 


304221 SET CYF 
4 OP { VARIANTS ! 
FORMAT: 1% CODE i { 


1 0000 0000 0110 4 1v2e4e8 1 


Set the carry flip-flop as specified by the variants. 
VY = Set CYF to 0 
Set CYF to 1 
Set CYF to CYL 
Set CYF to CYD 


Oe ne 


Note CYD = (X<¥) # (CX=YOCYF. 


504222 4-BIT MANIPULATE 
4 OP f REGISTER § REGISTER 1 VARIANTS #1 LITERAL 1 
FORMAT: #@ CODE 1 GROUP # 4 SELECT # ! i } 
§# OO11 1 02-215 1 Ooeel 1 G.e.7 1 OQeoe1lS | 


Perform the operation specified by the variants on the 
designated register. 


V = 0 Set the register to the vatue of the literal. 

1 Set the register to the togicat And of the register 
and titerat. 

2 Set the register to the logical Or of the register 
and lLiterat. 

3 Set the register to the logical Exclusive-Or of the 
register and titeral. 

4 Set the register to the binary sum (moduto 16) of 
the register and literal. 

5 Set the register to the binary sum (moduto 16) of 
the register and titerale and skip the next 
M-Instruction if a carry is produced. 
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6 Set the register to the binary difference (modulo 
16) of the register and literal. 

Y Set the register to the binary difference (Cmoduto 
16) of the register and literate and skip the next 
M~Instruction if a borrow is produced. 


Exception 


BICN» FLCN» XYCN» XYST» and INCNs when specified as operand 
registers» are not changed as a resuit of this operation. 

However», the carry and borrow outputs are oroduced and a 

Skip can result. 


304.23 BI¥F TEST BRANCH FALSE 
i OP { REG 4 REGISTER i REG 4 OSPLCMNT #¢ DSPLCMNT 1 
FORMAT: # CODE ! GROUP # 1 SELECT #@ § BIT # 4 SIGN 1 VALUE i 
10101 4 0...15 1 Oweel 1 Oeovoe3d § O- POS 1 O22e15 i 
j { i i {4 I-NEG { j 


OS DO A DS DD ee ee ee ee OE OTE OO enm ee Been = 


Test the designated bit within the specified register and 
branch relative to the next instruction by the sianed 
displacement vatue if the bit is zero. If the bit is ones 
a displacement vatue of zero is assumed and control passes 
to the next inv-tine Mrinstruction. A displacement value 
indicates the number of 16-bit words from the next in-line 
instruction. 


See Section 3.1.14 for information on the reset of bits in 
the C Register. 


50 42 24 BIT TEST BRANCH TRUE 
4 OP { RGSTR { RGSTR 4 RGSTR 3 OSPLOMNT { DSPLCMNT 1 
FORMAT: 1 CODE ¢ GROUP # I SELECT # 4 BIT # & SIGN 1 VALUE i 
{0101 t O...15 1 Oeeel 1 Deeoe3d § OM POSITIVE £ 044-15 { 
{ i i | § I-NEGATIVE 4 i 


Test the designated bit within the specified register and 
branch relative to the next instruction by the signed 


30 4225 
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displacement vatue if the bit is one. If the bit is zeros, 
a displacement value of zero is assumed and confrot passes 
to the next in-line Mrinstruction. A disptacement vaiue 
indicates the number of 16-bit words from the next in-line 
instruction. 


See Section 341.214.2» CA» CB» CC» CD» for information on 
the reset of bits in the C Register. 


SKIP WHEN 


4 OP 4 REGISTER ¢ REGISTER § VARIANTS $ MASK i 
FORMAT: § CODE §! GROUP # Jt SELECT #€ I 0.447 1 O.2215 | 
$9110 1 Oeee15 § Qerel 1 1 { 


Test only the bits in the register that are referenced by 
the "1" bits in the mask» ignoring all others unless V = 
2 orvV= 6. If so» compare att bits for an equat 
condition. Then perform the action as specified below. 


Vo= 0 If any of the referenced bits is a 71", skip 
the next M~instruction. 
1 If all of the referenced bits are “1"%» skip the 
next M~-instruction. 
2 if the register is equal to the mask» skip the 
next M-instruction. 


3 Same as V = 1» but atso ciear the referenced bits 
to zero without affecting the non-referenced bits. 
4 If any of the referenced bits is a “1, do not 


skip the next M~instruction. 

5 If ait of the referenced bits are "1" do not skip 
the next M-instruction. 

6 If the register is equal to the mask» do not skip 
the next instruction. 

7 Same as V = &» but aiso clear the referenced bits 
to zero without affecting the non-referenced bits. 


Notes If the mask equals 0000+ the "ANY" result is 


false. The skip is not made for V = 0 and is made 
for V = 4 If the mask equals 0000» the "ALL" 
result is true. The skip is made for V = 1 and ~V 


= 3 and 1s not made for V = 5 and ¥ = 7. 


524226 


304-27 
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Exceptions: 


Mm ne 2 ea we a ee 


1. BICN» FLCN» XYCNe» XYST+ and INCN cannot be cleared 
with V = 3 or 7. However» they can be tested. 


Van See Section 3.1214 retated to the reset of bits in 
the C Register. 


CLEAR REGISTERS 


Eee wee Ee POPE Meee een eae 8S PEF OAS Be Se ee ge wswe 


4 oP { REGISTER FLAGS 
FORMAT: #t CODE 8 BITS 


1 
{6990 0011 !tti+rTt yi x iF trFdisyF 4d 
i { j ‘ ' Att ' ua 


Clear the specified register(s) to zero if the respective 
flag bit is a one. 


BIND 


FORMAT: ¢ OP CODE | 
1 0900 9000 0000 0100 4 


Move the 24-bit value from the t Register to the MBR 
Register. Move the least significant 4 bits from the fT 
Register to the TOPM Register. Move the most significant 
20 bits from the T Register to the A Register truncating 
the Left most 6 hits of the source. 


304228 


504229 
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OVERLAY M-MEMORY 


FORMAT: # OP CODE ! 
40000 0000 0000 0010 1 


En Ee EP Ee Meee Se wD ee Se 


Overtay M-Memory from main memorye 

The starting addresses of both M“Memory and the main memory 
are taken from the & Register and the FA Register 
respectively. The length of the data overlay in bits is 
taken from the FL Register. 

The execution of the instruction proceeds as follows: 


1. A is moved to TAS with a stack push. 


Ze L is moved to A. 
Le The first 16 bits are read from main memory and 
stored in the M=Memory. Register Fl is decremented 


and FA and A are incremented. 


4 Step three is repeated until Fi = 0 at which point 
the process terminates with a move of TAS to A. 


DISPATCH 
OP 4 VARIANTS { SKIP VARIANT 
FORMAT: CODE 000-LOCK OUT OMSKIP IF 
9000 0000 0001 OO1-WRITE LOW ALREADY LOCKED 


1 
i 
OLO-READ § 1-SKIP IF NOT 
QOL1I-READ & CLEAR §| ALREADY LOCKED 
LOO-WRITE HIGH ! CApplies only 
101-PORT ABSENT {1 to lockout 

1 variant) 


a ie mm ite ae fee 


Dispatch operations are used to send/receive interrupt and 
interrupt information to/from other ports. 
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Since the interrupt system is shared by alt ports» the 
processor should gain control of the interrupt system by 
successfully compteting a LOCKOUT prior to a OISPATCH 
WRITE. 


LOCKOUT sets the Lockout bit in the DISPATCH Register and 
allows» via the skin variants» skipping or not skipping the 
next lo-bit instruction based upon success or failure 
Catready set) of the LOCKOUT. 


WRITE CHigh or Low) DISPATCH sets the Lockout and Interrupt 
flip flops in the port interchange. It atso stores the 
contents of the L Register into memory © through 23. and 
the contents of the least significant 7 bits of the T 
Register (designating the destination port # and channel 
%#) into the appropriate port interchange register. In 
additions it sets (Write High) or resets (Write Low) the 
high Interrupt flip flop in the port interchange. 


READ DISPATCH stores the contents of memory Locations 0 
through 23 into the L Register and the contents of the 
Port Channel register into the least significant 7 bits of 
the T Register. The other 17 bits of the T Reyister are 
unaffected. 


READ AND CLEAR DISPATCH in addition to performing the READ 
DISPATCH operation clears the lockout flip flop» the two 
interrupt flip flops and the Port Device Absent ftip flop 
in the port interchange. It does not clear any memory 
locations. 


PORT ABSENT is executed by the processor when necessary to 
return a Port Device Absent tevel signal to another port 
indicating the absence of the designated channel. 


Dispatch operations in the case of Processor-2 and 
Processor Adapter-1 (direct connect to memory) are limited 
to the following: 

1. LUCKOUT + SKIP=IF*NOT*ALREADY“LOCKED: atways skios. 


26 WRITE LOW: Always sets Port Device Absent level true 
{true indicates absence). 


36 READ & CLEAR: Always sets the Port Device Absent 
Level fatse (fatse indicates present). 


3-4. 30 


304-51 
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No changes occur in the T and L Registers. In the INCN 
Register only the Port Device Absent bit can change. The 
Lockout» the Interrupts» and High Priority bits wilt always 
be false. No other dispatch operations are defined. 


CASSETTE CONTROL 


FORMAT: # OP CODE { VARIANTS #1 RESERVED 1 
4 0000 0000 0010 1 O.+.7 4 FLAG BIT 4 
i ‘ 1 Oeeel { 


Perform the indicated operation on the tape cassette. 


V = Q Start Tape 
1 Stoo Tape (The processor aiso hatts if it is in 
TAPE mode.) 


2 Stop Tape if X neq Y (The processor atso halts if 
it is in TAPE mode.) 
3 Reserved 
4 Reserved 
5 Reserved 
% Stop Tape is X = Y (The processor also halts it it 
is in TAPE mode.) 
7 Reserved 
Note: Ail Stop Tape variants cause tha tape to hatt in 
the next available gap. 
HALT 
FORMAT: 4 93P CODE { 


{ 2000 0000 0000 0001 1 


ess ee BO BeBe SB 2 22 ee 2 = eo oO 


Stop execution of the microctinstructions. In RUN mode the 
next micro to be executed is fetched and stored in the ™ 
Register and the A Register points to the next following 
microe In TAPE mode the next micro is not fetched = and 
stored in the M Register but the HALT micro is Left in the 
M Register. 


504.32 


304.33 
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NO OPERATION 


a 2 AP eae 6 OP a a en 2 ee ae ee ae 


FORMAT: § OP CODE { 
4 0900 0000 0000 0000 ! 


Skip to the next sequential instruction. 


MONITOR 


FORMAT: 4 OP CODE t VARIANTS i 
10000 1001 17163945444 3121 041 


Skip to the next sequentiat instruction. 


During the time this micro~operator is executing the 
operator and the tast two bits €0 and 1) are decoded» 
ANDred with the system clock and are present in the 
backplane as follows: 


MONITOR 0 True for the OP Code 

MONITOR OORO True if tast two bits are 00 
MONITOR QO1RO0 True if tast two bits are O1 
MONITOR O2RO True if tast two bits are 10 
MONITOR O3RO True if last two bits are 11 


At the backplane» the monitors are onerhalf clock from 
leading edge to trailing edge. 


CONCURRENT OPERATION (Processor-1 onty? 


In order to achieve maximum utilization of the processor 
during processor memory cycles» the microrinstructions are 
classified into two classes =~ a concurrent set and 4a 
non=-concurrent set. The non-concurrent set is that set 
which must wait until the memory cycle is compteted (data 
has been accepted or released) before proceeding with its 
execution. The concurrent set is that set which can 
overlap its execution with memory cycte. The overtap 
Starts with the clock period following Address Accept and 
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can extend up to and beyond the time data is accepted. 


For a WRITE operation» the processor presents data during 
the clock period immediately following Address Accept and 
is reteased for a non-concurrent operation during the very 
next ctock period. 


For a READ operations the processor accepts data during the 
first ctock period in which data is present and is 
reteased for a non-concurrent operation during the ctock 
period immediately following this acceptance. 


The M~instructions comprising the concurrent set are: 


READ MEMORY*« COUNT FA/FLe* SCRATCHPAD RELATE FA 


WRITE MEMORY* BIAS**# SWAP F WITH DOUBLEPAD WORD«* 

SWAP MEMORY® MONITOR«« STORE F INTO DOQUBLEPAD WORO«® 
BRANCH*es* STORE F FROM ODOUBLEPAD WORDs«* 

te A memory cycle operation overlaps with another onty 


during that portion of the cycle comprising the 
bhase~Limit checking. The actual memory request is 
made during the ctock period following acceptance of 


data. 
& fe A tiectock concurrent microtoperator and the 2-ctock 
branch micro-operator has a l-clock NOP (no 


operation) olaced after it by the hardware. 


Timing diagrams showing execution times for consecutive 
Processor M-instructions are shown below. The diagrams 
assume that the instructions are obtained from M-Memory 
and that the processor receives the memory cycle 
immediately after requesting it. 
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i M-op Execution 


1! Moo Execution 


i Base~Limit Check 


MEMORY CYTLE 
M-OP EXECUTION 
i Mem ReQ. 
{ Addr Accept 


i Write Data 


“-- Concurrent M-op 
Execution After 
WRITE Starts Here 

NonConcurrent 

M-op Execution 

After WRITE 

Starts Here 

1 

i 
Non"Concurrent 
M-op Execution 
After READ 
Starts Here 


{processor execution of “> 
WRITE terminates nere) 


i Read Data 


{Processor execution of “==> 
READ terminates here.) 


<a teee e 


Km ee oe ae ee ee oe ee 


EXAMPLE ONE 


(General) 


49 


BURROUGHS CORPORATION COMPANY CONFIDENTIAL 
COMPUTER SYSTEMS GROUP M-MEMORY PROCESSOR 
SANTA BARBARA PLANT PeSe #1913 1747 


=_ oh om =a 


4 Mrop Execution 


<a 


{1 M-op Execution 


1 Base~Limit Check 


1 Mem Rea 


Memory Cycle 

M-~op Execution 
CHRITE) or CREAD) a= 
1 Addr Accept 


i Write Data 4! Mrop Execution 
(processor <-> 0 ene “--- -<2-- 

execution of WRITE 
terminates here) 


ee ee ee ee, ee ee 


1 1 Mrop Execution 


i Read Data § M-op Execution 


{ ao om © an tb 


(processor “<=> 
execution of READ 
terminates here) 


EXAMPLE TWO 


(Concurrent M-op's overtapped with WRITE or READ Cycle) 
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1 Mmop Execution 


i M-op Execution 


1 1 BasesLimit Check 
| 7. a a se 
1 = - - 
4 { Mem Req 
Memory Cycle 1 ss== 
M~op Execution i] o-== 
CWRITE) { 4 Addr Accept 
, Se lets 
1 =m on am -— a a aa em 
1 1 WRITE Data Second { BaserLimit Check 
! ~s0- Memory > 
a= 7=s Cycle ahaha 
j Mop Mem Reg 


Execution 


i 
1 
{ 
! 
i 
i 
i 


{ Addr Acceot 


( 
j 
{ 
i 
1 
i 
{ 
j 
I 
‘ ( 
i 
{ 
( 
i 
1 
i 
i 
{ 
V 


EXAMPLE THREE 


(2nd Memory Cycle overtapped with WRITE Cycte) 
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1 M~op Execution 


1 M-op Execution 


f { Base-Limit Check 
t = <—- 7 = 
| mo a 
’ 1 Mem Req 
| om 2 
1 Se 
Memory Cycie | i Addr Accept 
M-op Executton 1 as 
(READ) i ae ona canes 
{ 4 Second § Wait 
i ae a Memory aria ata 
‘ baie Cycle ---- 
i i M-op 1 Wait 
4 a Execution == 
! ee ansuaw 
] t Read Data | Base-Limit Check 


1 Mem Req 


1 Addr Accept 


— a oe ee ee Be ee oe oe 


EXAMPLE FOUR 


(2nd Memory Cycle overlapped with Read Cycle) 
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M~INSTRUCTION (CProcessor-1) 


The following instruction times Cexecute plus fetch of next 
M~Instruction) are given for the case where the next 
M-Instruction is contained in M-Memory. In generals» five 
clocks are added to the basic time if the M~instruction is 
fetched from S-Memory (main,memory). 


M-Instruction Clocks 

REGISTER MOVE 1* 
CMSM» SUM» DIFF as source) of 
CDATA as source) 3% 
{U as source) Us 
(M as destination with A outsof-pounds 1 


*Add one additional ctock if MSM» TOPMs> A is 
destination of if MBR is destination with 
A out-of-bounds. Add two if DATA» CMND is 
destination. 
SCRATCHPAD MOVE 
CMSM>» SUM, DIFF as source) 
(Data as source) 
(U as source) 
CMSMs» TOPMs A as destination) 
CDATA» CMND as destination) 
CMBR as destination with A out-tof-bounds) 
(M as destination with A out-of-bounds) 
#Add one additional clock if previous op was 
WRITE INTO SCRATCHPAD 
SWAP F WITH DOUBLEPAD WORD 
STORE F INTO DOUBLE WORD 
LGAD F FROM DOUBLEPAD WORD 
MOVE 8-BIT LITERAL 
CA» MSM as destination) 
MOVE 24-BIT LITERAL 
CTAS as destination with A out-of-bounds) 
(Others as destination with A out-of-bounds) 
(TAPE mode? uti 
SWAP MEMORY 
(Followed by Non-concurrent Mop) 10 
(Foltowed by Memory Cycle) 9 
(Followed by 7 concurrent M-op's) 3 


~ 
> 


m= A wN & wh 
7» 2 2 


N OWN ee 
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(Fottowed by nonwtconcurrent M-op) 


(Followed by Memory Cycle) 


(Fottowed by 1 concurrent M-~op) 
C1f outside base-Limit & inhibited) 


READ MEMORY 


(Followed by non-concurrent M-op) 


(Followed by Memory cycle) 


(Fottlowed by 3 concurrent M-op's) 


DISPATCH LOCKOUT 
CSkip taken) 

DISPATCH WRITE 

DISPATCH READ 

DISPATCH READ AND CLEAR 

DISPATCH PORT ABSENT 

COUNT FA/FL 

SCRATCHPAD RELATE FA 

EXTRACT FROM REGISTER T 

SHIFT/ROTATE REGISTER T LEFT 
CA» TOPM» MSM as destinations) 
CDATA» CMND as destinations) 


Same 
Same 
Same 
Same 
Same 


as 
as 
as 
as 
as 


(MBR as destination with A outtof-bounds?) 


SHIFT/ROTATE REGISTER X/Y L/R 
SHIFT/ROTATE REGISTER XY L/R 
NORMALIZE | 
READ/WRITE MSM 
CALL 
BRANCH 
BIAS 
(Skip taken) 
SET CYF 
4-BIT MANIPULATE 
(Skip taken) 
(BICNs FLCN»e XYCNs» XYST) 


CBICNs FLON» XYCN» XYST» and SKIP taken) 


1 
1 


53 


Clocks 


READ MEMORY + 
READ MEMORY + 


nN) Pe 


WRITE MEMORY 


READ MEMORY + 


~~ 


READ MEMORY +# 1 


NO WON om Pe ID be 


plus S/R 
plus S/R 


1 plus # of bits 


NOT me me MQ mA DD 


count 
count 
shifted 
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M-Instruction Cloc 
BIT TEST BRANCH FALSE 
(Branch taken) 
BIT TEST BRANCH TRUE 
(Branch taken) 
SKIP WHEN 
(Skip taken) 
C(BICN» FLCN»s XYCN»> XYST) 
CBICNe FLON» XYCNe» XYST and SKIP taken) 
CLEAR REGISTER 
BIND 
Overlay M~Memor y 4+(6)(# of word 
(FL = 0 inittally) 
CASSETTE CONTROL 
HALT 
NO OPERATIGN 
Monitor 


he et ee re tee UF tN me CA AD OND bh oe Te 
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M-INSTRUCTION TIMING CProcessor-2) 


The following instruction times Cexecute plus fetch of next 
M-Instruction) are given for the case where the next 
M-Instruction is contained in M“Memory. In generals five 
or six clocks are added to the basic time if the next 
M-Instruction is fetched from S-Memoryr five clocks for 
the direct-connect to S"Memory case and six clocks for the 
port~connect cases. When consecutive M-Instructions are 
fetched from two contiguous S-Memory tocations and the 
second location is located on an odd 167bit boundarys one 
ctock is added» for the second fetch» to the five Cor six) 
required for the first fetch. 


M-Instruction Clocks 
REGISTER MOVE 1* 
(MSM» SUM» DIFF as source) 2* 
(DATA as source) 3* 
{U as source) U* 
(M as destination with A outcrof-bounds) 1 


*Add one additional ctock if MSM» TOPM-, 

Ae is destination or if MBR is destination 
with A outwtof-bounds. Add two if DATA» 
CMND is destination. 


SCRATCHPAD MOVE 1* 
(MSM»> SUM» DIFF as source) 2 
CDATA as source) 3 
(CU as source) u 
(MSM» TOPMs A as destination) 2 & 
CDATA» CMND as destination) 3% 
(MBR as destination and A out-of-bounds) dls 
(M as destination and A out-of*bounds) 1 


tAdd one additional clock if previous op was 
WRITE into SCRATCHPAD 

SWAP F WITH DOUBLEPAD WORD 

STORE F INTO DOUBLEPAD WORD 

LOAD F FROM DOUBLEPAD WORD 

MOVE 8-BIT LITERAL 
CA» MSM as destination? 


Ne ee 
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M-Instruction Clocks 
MOVE 24-81T LITERAL 3 
(TAS as destination with A out*of-bounds) Ze (5 or 6) 
(Others as destination with A out-of -bounds) 2+ (5 or 6) 
{TAPE mode) U+1 
(First portion of instruction aligned on 
even 16-bit S-Memory boundary) 3 
(First oortion of instruction aligned on 
odd 16-bit S-Memory boundary) e+ (5 or 6) 
SWAP CDIRECT CONNECT) Sat 
SWAP CPORT CONNECT) 9 & % 
WRITE COIRECT CONNECT) ze 
WRITE (PORT CONNECT) ue 
READ (DIRECT CONNECT) 4 
READ (PORT CONNECT) 8 


Add 4 clocks if next op is a memory cycle 

*etAdd 6 clocks if next op is a memory cycle 
COUNT FA/FL 
SCRATCHPAD RELATE FA 
EXTRACT FROM REGISTER T 
SHIFT/ROTATE REGISTER T LEFT 

CA» TOPM» MSM as destinations) 

C(DATA» CMND as destinations) 

CMBR as destination with A outwtof-bounds) 
SHIFT/ROTATE REGISTER X/Y LR 1 ptus S/R count 
SHIFT/ROTATE REGISTER XY L/R 1 ptus S/R count 
NORMALIZE | 1 plus # of bits shifted 
READ/WRITE MSM 
CALL 
BRANCH 
BIAS 

CSkip taken) 

SET CYF 
4&-BIT MANIPULATE 

(Skip taken) 

(BICNe FLONe XYCNe XYST) 

(BICN» FLONe> XYCNe> XYST and SKIP taken) 


MN A TO be DD ee: 


Ww AD DO AQ Re AD AD OD 
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M-Instruction Clocks 


BIT TEST BRANCH FALSE 
(Branch taken) 
BIT TEST BRANCH TRUE 
(Branch taken) 
SKIP WHEN 
(Skip taken) 
CBICN» FLCON» XYCNe XYST) 
CBICN>s FLCN» XYCN» XYST and SKIP taken) 
CLEAR REGISTERS 
BIND 
QVERLAY M=“MEMORY COIRECT CONNECT) 4+4 (# of words 
moved)« 
OVERLAY M-MEMORY CPORT CONNECT) 44+4.5 (# of words 
; moved) «** 
CFL = 0 initiaitly) 1 
*Add 2 if # of words is odd 
**Add 2.5 if # of words is odd 
CASSETTE CONTROL 
HALT 
NO OPERATION 
MONITOR 


Wee WM RD FPO re ID 


a 


